(12)

United States Patent

Jian

US009281799B2

US 9,281,799 B2
Mar. 8, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(1)

(52)

(58)

(56)

FLIP CHIP TYPE SAW BAND REJECT 7,777,597 B2 82010 Beaudin et al.
FILTER DESIGN 8,018,304 B2 9/2011 Jian
8,060,156 B2 112011 Gagnon et al.
. . . 8,204,031 B2 6/2012 Jian et al.
Applicant: Telefonaktiebolaget L M Ericsson 2001/0029650 A1* 10/2001 Takataetal. wooeveo.. 29/25.35
(publ), Stockholm (SE) 2005/0099244 Al 5/2005 Nakamura et al.
2008/0224799 Al 9/2008 Taniguchi
Inventor: Chunyun Jian, Ottawa (CA) 2011/0090026 Al 4/2011 Nakahashi et al.
2011/0235557 Al 9/2011 Jian
Assignee: Telefonaktiebolaget L. M Ericsson
(publ), Stockholm (SE) FOREIGN PATENT DOCUMENTS
Notice: Subject to any disclaimer, the term of this wo 2014083488 A2 6/2014
patent is extended or adjusted under 35
U.S.C. 154(b) by 258 days. OTHER PUBLICATIONS
International Search Report and Written Opinion dated Jul. 2, 2014
Appl. No.: 13/760,651 for International Application No. PCT/IB2014/058342, International
Filed Feb. 6. 2013 Filing Date: Jan. 16, 2014 consisting of 12-pages.
iled: eb.
’ (Continued)
Prior Publication Data
US 2014/0218133 Al Aug. 7,2014 Primary Examiner — Diana J Cheng
Int. C1 (74) Attorney, Agent, or Firm — Christopher & Weisberg,
nt. CL.
PA.
HO3H 9/00 (2006.01)
HO3H 9/02 (2006.01)
HO3H 9/64 (2006.01) (57) ABSTRACT
U.S. CL o .
CPC ... HO3H 9/02992 (2013.01); HO3H 9/6409 A method and system for providing a surface acoustic wave
’ (2013.01) band reject filter are disclosed. According to one aspect, a
Field of Classification Search ’ surface acoustic wave band reject filter includes a substrate
) . . having electrode bars and bonding pads formed on the sub-
CPC . HO3H 9/6483; ?33%99//6140376 l’ 1?5%99//66‘03338’ strate. The filter further includes at least one die having a side
USPC 3 3’3 /186. 193196 facing the substrate. A plurality of surface acoustic wave
See a hcatlonﬁleforcomletesearch histjo resonators are formed on the at least one die formed on the
PP P - substrate. Solder balls formed on a side of the at least one die
References Cited facing the substrate are positioned to engage bonding pads on
the substrate. The plurality of surface acoustic wave resona-
U.S. PATENT DOCUMENTS tors collectively exhibit a band reject filter response.
6,710,677 B2 3/2004 Beaudin et al.
6,924,715 B2 8/2005 Beaudin et al. 20 Claims, 27 Drawing Sheets
22
26~ [
Side view mmp ] |
" I/0 r_22 (—14 24
e —R1
10 ~-
Top view mmp
36— Inductor
OND ~——JEps —R2
10 - //—24
L—R3
26




US 9,281,799 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Bauer et al., “SAW Band Rejection Filters for Mobile Digital Tele-
vision,” 2008 IEEE International Ultrasonics Symposium Proceed-
ings, 978-1-4244-2480-1/08, Digital Object Identifier: 10.1109/
ULTSYM.2008.0071 (Jan. 2008) consisting of 4-pages (288-291).
Chun-Yun et al., “SAW Band Reject Filter Performance at 850 MHz,”
2005 IEEE Ultrasonics Symposium, 0-7803-9383-X/05, consisting
of 4-pages (2162-2165).

Written Opinion of the International Preliminary Examining Author-
ity dated Jan. 30, 2015 for International Application No. PCT/
1B2014/058342, International Filing Date: Jan. 16, 2014 consisting
of 12-pages.

International Preliminary Report on Patentability, Form/PCT/IPEA/
409, dated May 7, 2015 for corresponding International Application
No. PCT/IB2014/058342; International Filing Date: Jan. 16, 2014,
consisting of 14-pages.

* cited by examiner



US 9,281,799 B2

Sheet 1 of 27

Mar. 8, 2016

U.S. Patent

(Hv toud)
¢ Ild
c0l~ 201~ 101~
\g
(My Joud)
I Ol
01~ 0l—~ 10l 791
[

n/

Cl

8l



U.S. Patent Mar. 8, 2016 Sheet 2 of 27 US 9,281,799 B2

N

=

.<E
s <
S TSRS
=, < [

i
|
IJ[ -

R1 ™~
FIG. 4
(Prior Art)

—iflﬁ—ll' 'O
2 O O
—i0— =




U.S. Patent Mar. 8, 2016 Sheet 3 of 27 US 9,281,799 B2

32

Frequency

FIG. 8

30

R2

0

0
Pl-type

FIG. 7

T-type

FIG. 6




US 9,281,799 B2

Sheet 4 of 27

Mar. 8, 2016

U.S. Patent

I Old

Aouanbau

¢e

0/l —

N—390i9
444

0£°8C \\

ap ‘1S

0r Ol

Aouanbau

45

6 Il

N—00lg  Z—00lg | -$00]g
N T e g

=430l

[IRoE]_, 4,

448

444

ap ‘1ZS



US 9,281,799 B2

Sheet 5 of 27

Mar. 8, 2016

U.S. Patent

7 Joyonpuy

A7
Ty
=

9¢—]
W_l\ ‘l/ - O—‘
yo—1 1
el i aN9
7 Joyonpu %
¢d AN 4= noin do)
-
i &
_
L= S
Hd e

4mm WoIA 3pIS



US 9,281,799 B2

Sheet 6 of 27

Mar. 8, 2016

U.S. Patent

Y{—

98~

0/ Az

\r-

¢C—

ol—7 L=

aN9
be - ¢ Joyonpu
===
= mWrHu —

{
97—/

1
ONL

AND ¢ Joyonpuy

Z Joyonpy
aNd

9¢~ AN9
/N | Joyonpuy|

124N

9¢—
0/ =—

7 Joyonpy




US 9,281,799 B2

Sheet 7 of 27

Mar. 8, 2016

U.S. Patent

aN9 Jo o/

0/l 40 ON9

) 4 |

Ie Il

.

61 Old

[ 1 oronpdl N9 40 0/]
¢d 10 ¢y o) 1o
+ B @@JA 0/1 40 N9 €Y | Ay
7 ! e
5 0/ . o
0c IId
= = 7 4Jo3onpuy|
H 4m von do|
1 O 2y
0l
— 0 0
cy Re!
1 !
e w! i 4= nan apIS




US 9,281,799 B2

Sheet 8 of 27

Mar. 8, 2016

U.S. Patent

E£c O cc Ol

aN9g do o/ 0/1 10 N9 anNg do o/l 0/ 10 aN9
| } } |
]_.,.W.,q.._ ..“....r.
W & —— RO ——
(I (I
¢ Jojonpuj "~ ¢ Jojonpuj _ 73 T !
ore—] [ s
% s ] w _
are—T | Ej._.___:_ __E
7 loyonpu| | Cpi] _ Z lojonpu|
E____________ I EE 1l ____________E
ge - aNo A i i aN9
~~gc 8¢ . P ~~gc
T (I
| Joyonpy, | Joyonpu) _ = |
ot 1l »______E




US 9,281,799 B2

Sheet 9 of 27

Mar. 8, 2016

U.S. Patent

4e Ol

aN9g 40 0/
0/ J aN9

E

¢d 40 ¢y

7 Joyonpy )

Go Il

aN9 40 O/
4 0/1 J0 GN9 ¢Y o 7y

| |

oy
— :

7 Joyonpuy|

4 non do)

!
x\ o/l QN .Us%
1
1 1 2zy
0l
[} 0

Y B!

LQN/_

| 4mm MaIA BpIS



US 9,281,799 B2

Sheet 10 of 27

Mar. 8, 2016

U.S. Patent

¢ Jojonpuj

6¢c Old

aN9 10 0/I  0/1 Jo aND

"
B

| do}onpy|

¢ Joyonpy|

8c Old

ans o o/l

0/1 10 QN9

*.

opg |

ars |

¢ dojonpu|

¢Nl\\\\

aNd

| d03dnpu|

Dy¢ |

¢ 40)onpu|

aNod



US 9,281,799 B2

Sheet 11 of 27

Mar. 8, 2016

U.S. Patent

68 W,
7 Joyonpy N.m.u .cﬁ.m.
" g @
J ! f ) — a0l
e o/ 1o o_/m_m_v,_o o o/ A omg | i' main do|
c& Il oo_\/Ej._._._.—/ _ﬂ91_1 b 7 Joyonpy|
T MUH % = ~— D0l
JW % o o/l o QD o 2y b Hd
0 OF—
ey o_\\\_E
06 Old
ONJ \.mm
.le\_ e ] ' MOIA 8pIS




US 9,281,799 B2

Sheet 12 of 27

Mar. 8, 2016

U.S. Patent

GE DI

m oye — 1

¢ Joyonpuj

¢ Joyonpy|

ano and

aye —"

7 Joyonpuy Z 1oyonpuj

anNo aN9

¥7—1

| Jojonpy

| Joyonpy

HIE] [ EIE] EE]

Dpe — |

\ L X ..
oT\ m_m.\ | _

— L f
re J 0/1 40 AN9 ON9 40 0/]

0/1 10 N9 ON9 40 0/|



US 9,281,799 B2

Sheet 13 of 27

Mar. 8, 2016

U.S. Patent

aNod

o/

e ey

¢ J0)onpu)

7 Jdoyonpu l|_,’

o —

| kA il
" H O

> easvel Al R e N

' R R RN S 5

: RN RSN <

T

T

o

aNo

e

¢ Jojonpu|

qys —

ad

| 40}onpu|

yo—"

! |
0/1 40 N9 N9 4o 0/

0§ ¢ —

In=njn=a

3%
y £
2 5

[
[=

[T

KLY

% t Ol u
o e

N RECTS 1. 3
b e d

1
}
1

EHIE] E=HLE] EIE]

/

t2

oT\ mm\O\_

Jo N9 ON9 4o o/

¢ Jojonpy

| Joyonpu|



US 9,281,799 B2

Sheet 14 of 27

Mar. 8, 2016

U.S. Patent

Iy Ol4

Z71 Joyonpur pup O/

| o__/_o

A\@

.

ww\ mmLoh_o L1 Louﬁosvﬁ_ puo /|
201 Z71 Joyonpul pup Q/ e co_Qm wﬂ.m.
. 19 I 2 qol
ov Old \_ “ ,ﬂ vl NMQ
- = - = N 1
H H I_I_l_U_I_I_n_\lt N T
A=30 O 3N EE_._.E_:_F_ [} = von do
Hﬂw_ —Wﬂﬁ ¥ HOGR|
. 0 . -
¢d
e AN9 L7 4oonpul pup g/
g8c Ol
@nJ
o S L1 ] | - o opig




US 9,281,799 B2

Sheet 15 of 27

Mar. 8, 2016

U.S. Patent

Ev Ol

 Joynpul puo 0/I  gN9

anNd

¢ J0o)onpu|

aNd

201

oV Ol

¥ Jojonpul puo Q/)
90l
Y

aNd

w

ope”|

aNd

¢ Jojonpu)

ozom¢
717

aN9

¢ 40jonpuj

P

ano

are

- (N9

¢ 40}onpu|

1

4y

aNd

| Jopnpur puo Q/|

)



US 9,281,799 B2

Gy Ol vy Ol

Sheet 16 of 27

Mar. 8, 2016

U.S. Patent

¥ Jojnput puo /| g0 ¥ lojnpul pup /| 4.0
D
i } oﬁw_ 901 [~ 0!
m m P’ A/
ove” | A
aNO ﬂ ¢ J0J0Nnpu| N ..“;”,. ¢ 103onpu|
aps | E_%________E E
] P T== g ®
o wo| o=k
Z Joyanpu| 0¢ ¢ 40)onpl] i o5 N9
! ¢N\ m E H . E
ﬂ ﬂ ope ] e
w7 i
N9 | JoRnpul pup o/ N9 L Jojnpui puo /]



US 9,281,799 B2

Sheet 17 of 27

Mar. 8, 2016

U.S. Patent

N9 |7 Joyonpul pup (/|

qo| 21 2ownput puo 0/

o0l
= Ilﬂ uhu = aNd ﬁu—m_
| |
¢l Hmm —m;\ lw H 4m noin doj
. __H__ ]
1L
2 vz
—_—
ve | qmm o opig




US 9,281,799 B2

Sheet 18 of 27

Mar. 8, 2016

U.S. Patent

o~ y Jojonpur pup 0/ aN9 IC DId

aND

¢ Jojonpuy|
aNod

ang
Z loyonpu|

aNd

!
| Jojonpur puo (/|

v 4oWnpu pUo 0/l —qp, ONO D01 0G “Old
]

|
L

v~ 90l
i

aND ..E E
Z Joyonpuyj —

i

| ! R R AR ; | £ S
ove T | i ______jE
aND = ol [ [ e mehotrolie:
. = ¢ Jojonpy
[ 3 . WL = aN9
< —1| [ (VAT ________==
| ...........fu...... 3 I |-

- =3 aN9

Y I
aNg | Joyonpul pup /|

ot




US 9,281,799 B2

Sheet 19 of 27

Mar. 8, 2016

U.S. Patent

¥ Joyonpur puo 0/

aNd mm .QN.@.

v
aN9 ¢ Joyonpuy|
7 J03onpy| aND
Qn_o ! /
| Joyonpul pup /) .
10o1onpul pub D N.-\‘*.
oy oo ¥ Jo3onpur p *o\_ _\DS aNO _ﬁ o 69 DA
_ L Rk k¥ 4
o || I M
N9 %2 = ¢ Jojonpy
o] Y R
We—] E____________. 1L
Z Joyonpy| HLW aN9
I ([T




US 9,281,799 B2

Sheet 20 of 27

Mar. 8, 2016

U.S. Patent

4G Ol

Z1 Joyonpul pup 0/

9¢

17 40yonpul pup 0/

GG I

vl

9¢

71

901 £¥

0k e 4= noin dog

|7 doyonpul pup 0/

—301 |y

4mm moin opIS



US 9,281,799 B2

Sheet 21 of 27

Mar. 8, 2016

U.S. Patent

aNJ ¢ Joronpuj

|

6G Old

&

e

=

§ 10)oNpul
pun 0/ o
3
yg—/
N9 ¢ Joponpy| AN aN9
N9 QN ¢ 080Ul g OND
_ _ r...__l_ =
p—ll IR |
puo 0/ E 7 SRS b
] i I |
ye—/| == = — _
\ o¢” | * \

ope (N9 ¢ Jojonpy) dyg ANO

| Joyonpul
puo o/

| Jojonpul
puo 0/



US 9,281,799 B2

Sheet 22 of 27

Mar. 8, 2016

U.S. Patent

¢ 40yonpul pup O\_

£9 Old

[AY
o_w_o \

201

19 B

21 Jojonpul puo 0/

19 I

POl
aNO \Nm 1Y

..w:.... &

Y o &
¥ M7 <

. \. .,v —
.
- DY K LA

u BN OX S N
A | G I PN 5
T T » mcrn

17 Joonpul pup /|

[
-

09 IId

92

¥¢—t

am moin doj

4mm nan 3pIS



US 9,281,799 B2

Sheet 23 of 27

Mar. 8, 2016

U.S. Patent

G9 O

y 10yonpul pup 0/

v9 O

j J0yonpu pup (/|

aNd

¢ |

¢ Jojonpuj

aps

7 lojyonpuyj

d
1£4

aNd

75|

Z Joyonpy|

| JO}onpul pup

aNd
—
Dy¢

144

| 40jonpul pup O\_

aNd

¢ J0jonpu|

aNd

aNO



US 9,281,799 B2

Sheet 24 of 27

Mar. 8, 2016

U.S. Patent

49 Ol

j J0jonpul pup 0/

N.v/

Z J1oynpuj

99 I

§ J0yonpui pup (/|

aNd

\
98

e

aNO

103onpul pup O/

¢ J103oNnpy|

7

aye
N.v/

Z J0yonpy|

4y

| J40jonpul pup O\_

aNd

¢ J0)onpuj

aNod



US 9,281,799 B2

Sheet 25 of 27

Mar. 8, 2016

U.S. Patent

Z1 Jojonpui pup 0/ I, DI

| s

|7 J0jonpur pup /|
Z1 Jojonpur puo (/] - .
20!
04 "DId 8- 69 Vld
i S I e w— 71 o
1 i /c_om_ 4@ mon doj
27 soponpl puo o/t VT g
89 DId s
vmk_ 1 __ 4mm noln BpIS




US 9,281,799 B2

Sheet 26 of 27

Mar. 8, 2016

U.S. Patent

a4

&4 I

¥ Jojonpur puo /]

Z Jojonpu|

A4

ye—"

| Joyonpul pup /]

cd Il

¥ Joyonpul pup o/]

aNd

e |

¢ Jojyonpuj
A7

aNd

N9
are

¢ J0}oNnpu|

=0

Z Jojonpuj

aNd
e
Dy¢

N9

[44

=N

yo—"

| Joyonpul pup (/]

aNd



US 9,281,799 B2

Sheet 27 of 27

Mar. 8, 2016

U.S. Patent

184

Z Jojonpuy|

¢Nu\

ey
R
s # )
v —1i
A,
...t'

¢ Joyonpu

| Joyonpu} pup o/

2129

v4 Ol

y Joyonpul pup 0/

aNod

¢ Joyonpy

Z Jojonpuy|

¢Nu\

Dy¢

e

aNd

8¢

| Joyonpul puo 0/



US 9,281,799 B2

1
FLIP CHIP TYPE SAW BAND REJECT
FILTER DESIGN

TECHNICAL FIELD

The present invention relates to filters, and in particular to
surface acoustic wave, SAW, band reject filters.

BACKGROUND

Band reject filters may be used in wireless network equip-
ment, such as in base stations. Desirably, these band reject
filters should be miniature in size to reduce the overall size of
equipment in which they are installed. Surface acoustic wave,
SAW, devices have been used to implement miniature band
pass filters, but have not been widely used in band reject filter
implementations, primarily due to a lack of demand for such
implementations in wireless network equipment that are
based on first generation, 1G, and second generation, 2G,
wireless communication standards.

However, with the emergence of implementations of third
generation, 3G, and fourth generation, 4G, wireless commu-
nication standards, frequency spectrum allocation is con-
strained, requiring very closely spaced frequency channels.
This means that filters in a radio frequency, RF, front end must
have steep transition bands to avoid interference. Preferably,
steep transitions can be achieved with band reject filters hav-
ing high Q. However, when high Q band reject filters are
implemented using conventional components such as air cav-
ity filters, such filters are undesirably large in size and are
relatively expensive.

SAW resonators can be used to implement band pass filters
and band reject filters. FIG. 1 shows a top view, and FIG. 2
shows a side view, of three known SAW resonators 10. As
shown, the SAW resonator has inter-digital transducer, IDT,
interlaced fingers 12 electrically connected by two IDT bus
bars 14. In one embodiment 101, the SAW resonator has
shorted reflector fingers 16 at each end that are shorted by
reflector bus bars 18. In another embodiment 102, the SAW
resonator has un-shorted reflector fingers at each end. In yet
another embodiment 103, reflector fingers are altogether
absent. The reflector fingers serve to enclose surface acoustic
waves that emanate from the IDT fingers 12.

FIG. 3 is a top view of a known flip chip type SAW band
pass filter configuration that includes 5 SAW resonators 10
electrically connected by connecting bus bars 20 in a ladder
configuration. Solder balls 22 are provided to make electrical
connections with bonding pads on a substrate 24 in order to
provide input and output connections and connections to
ground. The SAW resonators 10 and the connecting bus bars
20 are formed on a die 26 using conventional semiconductor
forming processes, where the die may be cut from a crystal
wafer, for example. The solder balls 22 may be formed on the
die 26 or the substrate 24. In particular, in one example, the
solder balls 22 can be formed on the die 26 after the SAW
resonators 10 are formed on the die. The solder balls may be
a good conducting metal such as tin, aluminum, copper, silver
or gold, or a combination of conducting metals.

FIG. 4 is a side view of the band pass filter configuration of
FIG. 3, showing that the SAW resonators 10 are formed on the
side of the die 26 that faces the substrate 24. For a conven-
tional band pass filter, the layout design of SAW electrodes
shown in FIG. 3 is acceptable because the SAW resonators
needed for the band pass filter design are very small. For
example, for a 2 Gigahertz (GHz) SAW band pass filter
design on a known substrate of 42 YX—I.iTaO3, the dimen-
sions of the largest SAW resonator are about 150 micrometers
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in length by about 100 micrometers in width. Therefore, it is
possible to layout all of the SAW resonators that are needed
for the band pass filter design to fit within an area of about or
less than 2x2 millimeters. The dimensions of 2x2 millimeters
are generally considered to be the maximum die size for using
the flip chip type SAW assembly technique depicted in FIGS.
3 and 4 to manufacture the SAW filter. FIG. 5 is a block
diagram of the SAW resonator configuration implemented in
FIG. 3.

However, for a SAW band reject filter design, the SAW
resonators need to have a high Q. Thus they are much bigger
in dimension than the resonators needed for a band pass filter
design. For example, for a 2 GHz SAW band reject filter
design on a substrate of 42 STW Quartz, the layout dimen-
sions of the largest individual SAW resonator of the filter
design will be of dimensions about 1000 micrometers in
length by about 300 micrometers in width. Therefore, the
layout topology of FIG. 3 for the SAW band reject filter
design would require a huge die and would further require
long connecting bus bars that introduce undesirable excessive
loss and parasitic inductance to the filter design.

SUMMARY

The present invention advantageously provides a method
and system for providing a surface acoustic wave band reject
filter implemented in a compact low loss design using flip
chip assembly technology. According to one aspect, a surface
acoustic wave band reject filter is implemented as a flip chip
assembly in which the surface acoustic wave band reject filter
includes a substrate having electrode bars and bonding pads
formed onthe substrate. The filter further includes at least one
die having a side facing the substrate. A plurality of surface
acoustic wave resonators are formed on the at least one die
mounted on the substrate. Solder balls are formed to contact
with the side of the at least one die facing the substrate and
positioned to electrically engage electrode bars and bonding
pads on the substrate. The plurality of surface acoustic wave
resonators are connected by the electrode bars via the solder
balls and collectively exhibit a band reject filter response.

In one embodiment according to this aspect, a first three of
the plurality of the surface acoustic wave resonators are
arranged so that two of the plurality of surface acoustic wave
resonators are electrically in series, and a third surface acous-
tic wave resonator is electrically in parallel to the two of the
plurality of surface acoustic wave resonators. In some
embodiments, three surface acoustic wave resonators are
formed on a single die. The three surface acoustic resonators
are adjacent such that the solder balls are spaced less than
about 2 millimeters apart, and the die is mounted to the
substrate using a flip chip technology. At least two of the
adjacent surface acoustic wave resonators may share a com-
mon bus bar on the die. In some embodiments, three surface
acoustic wave resonators are formed on a single die and a first
two of the three surface acoustic wave resonators are posi-
tioned end to end. The third surface acoustic wave resonator
is adjacent to and straddles the first two surface acoustic wave
resonators, such that the solder balls are spaced less than
about 2 millimeters apart, and the die is mounted to the
substrate using a flip chip technology. An electrode bar on the
substrate may connect bus bars of the first two surface acous-
tic wave resonators. In another embodiment, a first three of
the plurality of surface acoustic wave resonators are arranged
such that a first two surface acoustic wave resonators are
electrically in parallel, and a third surface acoustic wave
resonator is electrically intervening between the first two
surface acoustic wave resonators. In some embodiments,
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three surface acoustic wave resonators are formed on a single
die and a first two of the three surface acoustic wave resona-
tors mounted end to end. A third surface acoustic wave reso-
nator is adjacent to one of the first two surface acoustic wave
resonators, such that the solder balls are spaced less than
about 2 millimeters apart, and the die is mounted to the
substrate using a flip chip technology. In some embodiments,
three surface acoustic wave resonators are formed on a single
die end to end. A first bus bar connects a first surface acoustic
wave resonator with a center surface acoustic wave resonator,
and a second bus bar connects a second surface acoustic wave
resonator with the center surface acoustic wave resonator on
the die. The solder balls are spaced less than 2 millimeters
apart and the die is mounted to the substrate using a flip chip
technology. In some embodiments, three surface acoustic
wave resonators are formed on a single die end to end. A first
electrode bar on the substrate connects a first surface acoustic
wave resonator with a center surface acoustic wave resonator,
and a second electrode bar on the substrate connects a second
surface acoustic wave resonator with the center surface
acoustic wave resonator. The solder balls are spaced less than
2 millimeters apart and the die is mounted to the substrate
using a flip chip technology. In another embodiment, an elec-
trode bar formed on the substrate and electrically connecting
two surface acoustic wave resonators is oriented at an acute
angle with respect to a main axis of the two surface acoustic
wave resonators.

According to another aspect, the invention provides a
method of constructing a surface acoustic wave band reject
filter using a flip chip assembly technology. The method
includes forming at least one of bonding pads and electrode
bars on a substrate. First solder balls are formed on at least one
of the substrate and a first die. A first group of at least three
surface acoustic wave resonators are formed on the first die,
and collectively exhibit a band reject filter response. The first
die is positioned on the substrate using a flip chip technology
such that the first solder balls are in contact with the at least
one of bonding pads and electrode bars, the at least one of
bonding pads and electrode bars electrically connecting at
least one of the surface acoustic wave resonators of the first
group. The at least one of the bonding pads and electrode bars
are positioned such that the solder balls are not separated by
more than about 2 millimeters.

In some embodiments, the method further includes form-
ing second solder balls on at least one of the substrate and a
second die. A second group of at least three surface acoustic
wave resonators are formed on the second die. The second die
is positioned on the substrate using the flip chip technology
such that second solder balls are in contact with at least one of
bonding pads and electrode bars, at least one the electrode
bars electrically connecting a surface acoustic wave resonator
of the first group to a surface acoustic wave resonator of the
second group. In this embodiment, the first group of at least
three surface acoustic wave resonators may be in a first con-
figuration, and the second group of at least three surface
acoustic wave resonators may be in a second configuration
different from the first configuration. A further embodiment
includes forming third solder balls on at least one of the
substrate and a third die. A third group of at least three surface
acoustic wave resonators are formed on the third die. The
third die is positioned on the substrate using the flip chip
technology such that third solder balls are in contact with at
least one of bonding pads and electrode bars, at least one the
electrode bars electrically connecting a surface acoustic wave
resonator of the second group to a surface acoustic wave
resonator of the third group. In one variation of this embodi-
ment, the second group of at least three surface acoustic wave
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resonators are in a first configuration, and the third group of at
least three surface acoustic wave resonators are in a second
configuration different from the first configuration.

According to yet another aspect, the invention provides a
surface acoustic wave band reject filter implemented as a flip
chip assembly. The surface acoustic wave band reject filter
includes a substrate having formed thereon at least one elec-
trode bar and a plurality of bonding pads. A first die has
formed thereon a first group of at least three surface acoustic
wave resonators. At least two surface acoustic wave resona-
tors of the first group of at least three surface acoustic wave
resonators are electrically connected by one of the at least one
electrode bar. The three surface acoustic wave resonators are
formed on a side of the die facing the substrate and collec-
tively exhibit a band reject filter response. First solder balls
are positioned to electrically connect positions on the first die
to the electrode bar and bonding pads of the substrate, such as
to limit a distance between the first solder balls connecting the
positions on the first die to less than about 2 millimeters.

In one embodiment according to this aspect, the surface
acoustic wave band reject filter further includes a second die
having formed thereon a second group of at least three surface
acoustic wave resonators at least two of which are electrically
connected by a second one of the at least one electrode bar.
Second solder balls are positioned to electrically connect
positions on the second die to an electrode bar and bonding
pads of the substrate. The second solder balls are positioned
such that a distance between the second solder balls does not
exceed about 2 millimeters. In yet another embodiment, the
first group of at least three surface acoustic wave resonators
are electrically connected in a series-parallel-series configu-
ration. Alternatively, the first group of at least three surface
acoustic wave resonators are electrically connected in a par-
allel-series-parallel configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention,
and the attendant advantages and features thereof, will be
more readily understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1is a top view of three different known SAW resona-
tors;

FIG. 2 is a side view of three different known SAW reso-
nators shown in FIG. 1;

FIG. 3 is a top view of a known band pass filter layout
design of five SAW resonators showing positions of three
solder balls that use a flip chip assembly technology;

FIG. 4 is a side view of the configuration of the band pass
filter shown in FIG. 3;

FIG. 5 is block diagram of the SAW resonator configura-
tion implemented in FIG. 3.

FIG. 6 is a diagram of a T-type configuration of SAW
resonators;

FIG. 7 is a diagram of a pi-type configuration of SAW
resonators;

FIG. 8 is a graph of a frequency response of the configu-
rations shown in FIG. 6 and FIG. 7,

FIG. 9 is a block diagram of cascaded band reject filter
circuit blocks;

FIG. 10 is a graph of individual overlapping adjacent fre-
quency responses of a plurality of band reject filters circuit
blocks;

FIG. 11 is a graph of a composite frequency response of a
plurality of cascaded band reject filter circuit blocks;

FIG. 12 is a side view, and
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FIG. 13 is a top view, of an exemplary embodiment of a
T-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 14 is block diagram of the T-type SAW resonator
configuration of FIG. 13;

FIG. 15 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 13;

FIG. 16 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three T-type SAW
band reject filter blocks having the configuration shown in
FIG. 13;

FIG. 17 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 16;

FIG. 18 is a side view, and

FIG. 19 is a top view, of an exemplary embodiment of a
T-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 20 is block diagram of the T-type SAW resonator
configuration of FIG. 19;

FIG. 21 is adiagram of the layout of the bonding pads of the
configuration of FIG. 19;

FIG. 22 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three T-type SAW
band reject filter blocks having the configuration shown in
FIG. 19;

FIG. 23 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 22;

FIG. 24 is a side view, and

FIG. 25 is a top view, of an exemplary embodiment of a
T-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 26 is block diagram of the T-type SAW resonator
configuration of FIG. 25;

FIG. 27 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 25;

FIG. 28 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three T-type SAW
band reject filter blocks having the configuration shown in
FIG. 25,

FIG. 29 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 28;

FIG. 30 is a side view, and

FIG. 31 is a top view, of an exemplary embodiment of a
T-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 32 is block diagram of the T-type SAW resonator
configuration of FIG. 31;

FIG. 33 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 31;

FIG. 34 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three T-type SAW
band reject filter blocks having the configuration shown in
FIG. 31,

FIG. 35 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 34;

FIG. 36 is a diagram of an exemplary alternative embodi-
ment of a SAW band reject filter constructed using three
T-type SAW band reject filter blocks having the configuration
shown in FIG. 31;

FIG. 37 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 36;

FIG. 38 is a side view, and

FIG. 39 is a top view, of an exemplary embodiment of a
pi-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 40 is block diagram of the pi-type SAW resonator
configuration of FIG. 39;
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FIG. 41 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 39;

FIG. 42 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three pi-type SAW
band reject filter blocks having the configuration shown in
FIG. 39;

FIG. 43 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 42;

FIG. 44 is a diagram of an exemplary alternative embodi-
ment of a SAW band reject filter constructed using three
pi-type SAW band reject filter blocks having the configura-
tion shown in FIG. 39;

FIG. 45 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 44;

FIG. 46 is a side view, and

FIG. 47 is a top view, of an exemplary embodiment of a
pi-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 48 is block diagram of the pi-type SAW resonator
configuration of FIG. 47;

FIG. 49 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 47;

FIG. 50 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three pi-type SAW
band reject filter blocks having the configuration shown in
FIG. 47,

FIG. 51 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 50;

FIG. 52 is a diagram of an exemplary alternative embodi-
ment of a SAW band reject filter constructed using three
pi-type SAW band reject filter blocks having the configura-
tion shown in FI1G. 47,

FIG. 53 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 52;

FIG. 54 is a side view, and

FIG. 55 is a top view, of an exemplary embodiment of a
pi-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 56 is block diagram of the pi-type SAW resonator
configuration of FIG. 55;

FIG. 57 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 55;

FIG. 58 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three pi-type SAW
band reject filter blocks having the configuration shown in
FIG. 55,

FIG. 59 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 58;

FIG. 60 is a side view, and

FIG. 61 is a top view, of an exemplary embodiment of a
pi-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 62 is block diagram of the pi-type SAW resonator
configuration of FIG. 61;

FIG. 63 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 61;

FIG. 64 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three pi-type SAW
band reject filter blocks having the configuration shown in
FIG. 61,

FIG. 65 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 64;

FIG. 66 is a diagram of an exemplary alternative embodi-
ment of a SAW band reject filter constructed using three
pi-type SAW band reject filter blocks having the configura-
tion shown in FIG. 61;
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FIG. 67 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 66;

FIG. 68 is a side view, and

FIG. 69 is a top view, of an exemplary embodiment of a
pi-type SAW band reject filter block constructed in accor-
dance with principles of the present invention;

FIG. 70 is block diagram of the pi-type SAW resonator
configuration of FIG. 69;

FIG. 71 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 69;

FIG. 72 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three pi-type SAW
band reject filter blocks having the configuration shown in
FIG. 69;

FIG. 73 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 72;

FIG. 74 is a diagram of an exemplary alternative embodi-
ment of a SAW band reject filter constructed using three
pi-type SAW band reject filter blocks having the configura-
tion shown in FIG. 69; and

FIG. 75 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 74.

DETAILED DESCRIPTION OF THE INVENTION

Before describing in detail exemplary embodiments that
are in accordance with the present invention, it is noted that
the embodiments reside primarily in combinations of appa-
ratus components and processing steps related to providing a
surface acoustic wave (SAW) band reject filter. Accordingly,
the system and method components have been represented
where appropriate by conventional symbols in the drawings,
showing only those specific details that are pertinent to under-
standing the embodiments of the present invention so as not to
obscure the disclosure with details that will be readily appar-
ent to those of ordinary skill in the art having the benefit of the
description herein.

As used herein, relational terms, such as “first” and “sec-
ond,” “top” and “bottom,” and the like, may be used solely to
distinguish one entity or element from another entity or ele-
ment without necessarily requiring or implying any physical
or logical relationship or order between such entities or ele-
ments.

Embodiments described herein employ a plurality of SAW
resonators for a band reject filter that use electrode bars
formed on the substrate to electrically connect the SAW reso-
nators. By forming the electrode bars on the substrate, the
electrode bars can be shorter than the bus bars that are formed
on the die of the SAW resonators as in known designs. This
reduces loss and parasitic inductance that would otherwise be
presented by the bus bars formed on the die. Also, by placing
the electrode bars on the substrate, the SAW resonators can be
placed closer together, thereby reducing the size of the die
needed to construct a band reject filter. Because the size of the
die is reduced, flip chip assembly technology—where the
surface of the die faces the substrate and solder balls are used
to electrically connect the circuit of the die and the electrodes
of'the substrate—can be used for ease and reliability of SAW
band reject filter manufacture.

Referring again to the drawing figures, there is shown in
FIG. 6 a block diagram 28 of a T-type configuration of SAW
resonators 10, —or series-parallel-series configuration of
SAW resonators 10. FIG. 7 is a pi-type configuration 30 of
three SAW resonators 10—or parallel-series-parallel. Each
SAW resonator 10 may be one of the SAW resonators shown
in FIGS. 1 and 2. The inductors L, .1 and L.2 may be used to
match their respective SAW band reject filter circuit. Each
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SAW band reject filter circuit block may have a reject band
response 32, as shown in FIG. 8.

FIG. 9 is a block diagram of cascaded SAW band reject
filter circuit blocks 28, 30 constructed in accordance with
principles of the present invention. The SAW band reject filter
circuit blocks 28, 30 are well-matched in their upper and/or
lower pass bands through their respective inductors L, .1, and
L2 as shown in FIGS. 6 and 7 In one embodiment, each SAW
band reject filter circuit block 28, 30 has a band reject filter
response 32, as shown in FIG. 10. FIG. 10 shows that the
SAW band reject filter circuit block frequency responses may
be adjacent and partially overlap. Ifthe SAW band reject filter
circuit blocks 28, 30 are well matched, then FIG. 11 is a graph
of a resultant frequency response 33 of cascaded SAW band
reject filter circuit blocks having the responses 32 shown in
FIG. 10. The overall bandwidth of the reject band region of
FIG. 11 depends on the number N of individual SAW band
reject filter circuit blocks 28, 30.

FIG. 12 is a side view, and FIG. 13 is a top view, of an
exemplary embodiment of a SAW band reject filter block 34
constructed in accordance with principles of the present
invention. The SAW band reject filter block 34 includes 3
SAW resonators 10 formed on a die 26 in a T-type configu-
ration of a SAW band reject filter circuit block, as shown in
the block diagram of FIG. 14. The die 26 is affixed to a
substrate 24 with the SAW band reject filter electrodes on the
die facing the substrate 24, such that solder balls 22 formed on
the die 26 engage electrode pads/bars 36 that are formed on
the substrate 24. In an alternative embodiment, the solder
balls may be formed on the substrate 24 and engage the SAW
band reject filter electrodes formed on the die 26 and facing
the electrode pads/bars 36 formed on the substrate 24. Par-
ticularly, electrode bars 20 formed on the substrate 24 elec-
trically connect the top two SAW resonators 10 to the lower
SAW resonator 10. FIG. 15 also shows the position of the
electrode pads/bars separately for clarity. By forming the
connecting electrode bar 20 on the substrate 24, rather than on
the die 26, the connecting bar between resonators can be
shorter, thereby reducing loss and reducing parasitic induc-
tance. Also, placing the electrode bar 20 on the substrate 24
allows the three SAW resonators 10 to be placed closer
together, resulting in a smaller die required to implement the
SAW band reject filter block 34 using the flip chip assembly
technology.

FIG. 16 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three SAW band
reject filter blocks having the configuration shown in FIG. 13.
The SAW band reject filter blocks 34 are electrically con-
nected by electrode bars 38. FIG. 17 is a diagram of the layout
of'the electrode bars and bonding pads of the configuration of
FIG. 16. Note that each SAW band reject filter block 34 is
formed on a separate die 26, thereby reducing effects of
thermal mismatch between the die 26 and the substrate 24.
Note that the electrode bars 20, 38 and pads 36 formed on the
substrate 24 engage solder balls 22 of the die 26 to provide
electrical connections between the SAW band reject filter
blocks and external inductors L1, .2, and L3 and ground, as
well as to provide input/output IO ports. Also note that the
solder balls can be formed on the substrate to provide the
same electrical connections between the SAW band reject
filter blocks and the electrode bars/pads formed on the sub-
strate.

FIG. 18 is a side view, and FIG. 19 is a top view, of an
alternative exemplary embodiment of a SAW band reject
filter block constructed in accordance with principles of the
present invention. This SAW band reject filter block 34
includes three SAW resonators 10 formed on a die 26 in a
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T-type configuration of the SAW band reject filter circuit
block, as shown in FIG. 20. In F1G. 19, the IDT bus bars 14 of
adjacent SAW resonators 10 are in electrical contact on the
die 26, so that no electrode bars on the substrate 24 are needed
to electrically connect the adjacent SAW resonators 10. FI1G.
21 is a diagram of the layout of the bonding pads of the
configuration of FIG. 19. Pads 36 formed on the substrate 24
engage solder balls 22 of the die 26 to provide connections
between the SAW resonators and external inductors L, input/
output, I/O, ports and ground. Also note that the solder balls
can be formed on the substrate instead of being formed on the
die in order to play the same connecting role as described
above.

Close placement of the SAW resonators, as shown in FIG.
19, is possible because a SAW resonator for aband reject filter
design typically has more than 100 reflector fingers that
nearly completely enclose the surface acoustic waves that are
generated by the interdigital transducer (IDT) fingers of the
SAW resonator within its respective layout area. This reduces
or prevents leakage of the surface acoustic waves from one
SAW resonator to another. In contrast, SAW resonators used
in band pass filters have only about 20 reflector fingers, which
are not enough to prevent surface acoustic wave leakage from
the SAW resonators, so that the SAW resonators of the band
pass filter design should be placed in parallel as shown in FI1G.
3.

FIG. 22 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three SAW band
reject filter blocks having the configuration shown in FIG. 13.
FIG. 23 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 22. Two electrode
bars 38 formed on the substrate 24 electrically connect the
upper two SAW band reject filter blocks 34a and 345 and a
single electrode bar 38 clectrically connects the lower two
SAW band reject filter blocks 345 and 34c.

FIG. 24 is a side view, and FIG. 25 is a top view, of an
exemplary embodiment of a SAW band reject filter block 34
constructed in accordance with principles of the present
invention. The SAW band reject filter block 34 includes three
SAW resonators 10 formed on a die in a T-type configuration
of the SAW band reject filter block, as shown in FIG. 26. In
FIG. 25, the three SAW resonators 10 are electrically con-
nected by a T-shaped electrode bar 40 that is formed on the
substrate 24. The IDT bus bars of the three SAW resonators 10
are not in electrical contact on the die, unlike the embodiment
of FIG. 19. The embodiment of FIG. 25 has a lower insertion
loss than the embodiment of FIG. 19, since the electrode bar
40 formed on the substrate presents a lower resistance than
the connected IDT bus bars 14. FIG. 27 is a diagram of the
layout of the electrode bars and bonding pads of the configu-
ration of FIG. 25. Note that the electrode bar 40 can be
rectangular or shape other than a T shape. F1G. 28 is a diagram
of an exemplary embodiment of a SAW band reject filter
constructed using three SAW band reject filter blocks having
the configuration shown in FIG. 25. FIG. 29 is a diagram of
the layout of the electrode bars and bonding pads of the
configuration of FIG. 28

FIG. 30 is a side view, and FIG. 31 is a top view, of yet
another exemplary embodiment of a SAW band reject filter
block constructed in accordance with principles of the present
invention. The SAW band reject filter block includes three
SAW resonators 10 formed on a die in a T-type configuration
of'the SAW band reject filter circuit block, as shown in FIG.
32.InFIG. 31, the two resonators on the left, 10a and 105, are
electrically connected through their IDT bus bars 14 on the
die. The top two resonators, 10a and 10c, are electrically
connected through an electrode bar that 20 that is formed on
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the substrate 24. FIG. 33 is a diagram of the layout of the
electrode bars and bonding pads of the configuration of FIG.
31.

FIG. 34 is a diagram of an exemplary embodiment of a
SAW band reject filter constructed using three SAW band
reject filter blocks 34a, b and ¢ having the configuration
shown in FIG. 31. In FIG. 34, the three filter blocks are
electrically connected using two electrode bars 40 formed on
the substrate 24. FIG. 35 is a diagram of the layout of the
electrode bars and bonding pads of the configuration of FIG.
34. FIG. 36 is a diagram of an alternative exemplary embodi-
ment ofa SAW band reject filter constructed using three SAW
band reject filter blocks having the configuration shown in
FIG. 31. In FIG. 36, the three filter blocks are also electrically
connected using two electrode bars 40 formed on the sub-
strate 24. FIG. 37 is a diagram of the layout of the electrode
bars and bonding pads of the configuration of FIG. 36

FIG. 38 is a side view, and FIG. 39 is a top view, of an
exemplary embodiment of a pi-type SAW band reject filter
block constructed in accordance with principles of the present
invention. The pi-type SAW band reject filter block also
includes three SAW resonators 10 formed on a die in pi-type
configuration of the SAW band reject filter circuit block, as
shown in FIG. 40. In FIG. 39, the left and center SAW reso-
nators, 10a and 105, are electrically connected by abus bar 42
formed on the die that makes electrical contact with the IDT
bus bars 14. The center and right SAW resonators, 1056 and
10c, are also electrically connected by another bus bar 42
formed on the die that makes electrical contact with the IDT
bus bars 14. FIG. 41 is a diagram of the layout of the electrode
bars and bonding pads of the configuration of FIG. 39.

FIGS. 42 and 44 are diagrams of two alternative embodi-
ments of SAW band reject filters constructed using SAW band
reject filter blocks having the configuration shown in FIG. 39.
The three blocks are electrically connected to each other
through two long electrode bars 20 in FIG. 42, and four long
electrode bars 20 in FIG. 44, that are formed on the substrate
24.FIG. 43 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 42. FIG. 45 is a
diagram of the layout of the electrode bars and bonding pads
of the configuration of FIG. 44.

FIG. 46 is a side view, and FIG. 47 is a top view, of an
alternative exemplary embodiment of a pi-type SAW band
reject filter block constructed in accordance with principles of
the present invention. The pi-type SAW band reject filter
block includes three SAW resonators 10 formed on a die in
pi-type configuration of the SAW band reject filter circuit
block, as shown in FIG. 48. In FIG. 47, the SAW resonators
are electrically connected by two long electrode bars 42
formed on the substrate, but the SAW resonators are not
otherwise electrically connected to each other. FIG. 49 is a
diagram of the layout of the electrode bars and bonding pads
of the configuration of FIG. 47.

FIGS. 50 and 52 are diagrams of two alternative embodi-
ments of SAW band reject filters constructed using three
SAW band reject filter blocks having the configuration shown
in FIG. 47. In FIG. 50, three SAW band reject filter blocks are
electrically connected by Z shaped electrode bars 44 that are
formed on the substrate 24. Note that the electrode bars 44 are
not limited to the Z shape and other shapes can be used. In
FIG. 52, two large electrode bars 46 and two small electrode
bars 42, formed on the substrate 24, electrically connect the
three SAW band reject filter blocks. FIG. 51 is a diagram of
the layout of the electrode bars and bonding pads of the
configuration of FIG. 50. FIG. 53 is a diagram of the layout of
the electrode bars and bonding pads of the configuration of
FIG. 52.
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FIG. 54 is a side view, and FIG. 55 is a top view, of an
alternative exemplary embodiment of a pi-type SAW band
reject filter block constructed in accordance with principles of
the present invention, and as shown in FIG. 56. In FIG. 55, the
adjacent SAW resonators IDT bus bars 14 are electrically
connected to each other on the die. The pi-type SAW band
reject filter block is electrically connected to the external
inductors, L1, L2, ground and I/O ports through the solder
balls and the electrode pads 36 formed on the substrate 24.
FIG. 57 is a diagram of the layout of the electrode bars and
bonding pads of the configuration of FIG. 55. FIG. 58 is a
diagram of an embodiment of a SAW band reject filter con-
structed using three pi-type SAW band reject filter blocks
344, b and ¢, having the configuration shown in FIG. 55. The
three pi-type SAW band reject filter blocks are electrically
connected by two long electrode bars 50 that are formed on
the substrate 24. FIG. 59 is a diagram of the layout of the
electrode bars and bonding pads of the configuration of FIG.
58.

FIG. 60 is a side view, and FIG. 61 is a top view, of an
alternative exemplary embodiment of a pi-type SAW band
reject filter block constructed in accordance with principles of
the present invention, and as shown in FIG. 62. In FIG. 61, the
two upper SAW resonators are electrically connected by an
electrode bar 42 formed on the substrate and having an axis
along the axis of the substrate 24. The upper left SAW reso-
nator is electrically connected to the lower SAW resonator by
an electrode bar 52 formed on the substrate 24 that makes an
acute angle with respect to the long axis of the substrate. FIG.
63 is a diagram of the layout of the electrode bars and bonding
pads of the configuration of FIG. 61.

FIGS. 64 and 66 are diagrams of embodiments of SAW
band reject filters constructed using three pi-type SAW band
reject filter block having the configuration shown in FIG. 61.
In FIG. 64, two L-shaped electrode bars 54 formed on the
substrate 24 electrically connect the three pi-type SAW band
reject filter blocks. In FIG. 66, the top two pi-type SAW band
reject filter blocks 34a and b are electrically connected by a
long electrode bar 42 and a curved electrode bar 58, both
formed on the substrate 24, and the bottom two SAW band
reject filter blocks 345 and ¢ are electrically connected by
large electrode bar 56 formed on the substrate 24. FIG. 65 is
adiagram of the layout of the electrode bars and bonding pads
of the configuration of FIG. 64. FIG. 67 is a diagram of the
layout of the electrode bars and bonding pads of the configu-
ration of FIG. 66

FIG. 68 is a side view, and FIG. 69 is a top view, of an
alternative exemplary embodiment of a pi-type SAW band
reject filter block constructed in accordance with principles of
the present invention, and as shown in FIG. 70. In FIG. 69, the
two upper SAW resonators 10a and 104 are electrically con-
nected by a long bus bar 58 formed on the die and making
electrical contact with the IDT bus bars 14 of the two upper
SAW resonators. The upper left SAW resonator 10q is elec-
trically connected to the lower SAW resonator 10¢ by an
electrode bar 52 formed on the substrate that makes an acute
angle with respect to the long axis of the substrate. FIG. 71 is
adiagram of the layout of the electrode bars and bonding pads
of the configuration of FIG. 69.

FIGS. 72 and 74 are diagrams of embodiments of SAW
band reject filters constructed using three pi-type SAW band
reject filter blocks having the configuration shown in FIG. 38.
InFIG. 72, two long electrode bars 42 formed on the substrate
electrically connect the three SAW band reject filter blocks In
FIG. 74, along electrode bar 42 and a curved electrode bar 58,
both formed on the substrate 24, electrically connect the
upper two SAW band reject filter blocks 34a and 345. A short
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electrode bar 43 formed on the substrate electrically connects
the middle and lower SAW band reject filter blocks 345 and
34c. FIG. 73 is a diagram of the layout of the electrode bars
and bonding pads of the configuration of FIG. 72. FIG. 75 is
adiagram of the layout of the electrode bars and bonding pads
of the configuration of FIG. 74.

Note that in FIGS. 16, 22, 28, 34, 36,42, 44,50, 52,58, 64,
66, 72 and 74, only three SAW band reject filter blocks are
used to construct a SAW band reject filter. However, the
number of the SAW band reject filter blocks used to construct
the SAW band reject filter should not be limited to 3, and
depending on band reject filter performance requirements,
the number of the SAW band reject filter blocks used to
construct the band reject filter can be 2 or more than 3. Also,
the SAW band reject filter blocks shown in FIGS. 13, 19, 25,
31, 39, 47, 55, 61 and 69 can be mixed and combined to
construct the SAW band reject filter over the same substrate if
preferred.

Flip chip type SAW assembly technology can be applied as
described herein, because the placement of electrode bars on
the substrate enables compact layout design of SAW band
reject filter blocks on a single die that may have a largest
dimension of less than about 3.0 millimeters. As such, the
distance between any two solder balls that make electrical
connections between the die and the substrate may be no
greater than about 2.0 millimeters, thereby minimizing
effects due to thermal mismatch between the die and the
substrate. SAW band reject filters as described herein enable
building radio frequency, RF, front ends of radios smaller and
with lower cost. Note that different ones of the embodiments
described herein may have different numbers of electrode
pads/bars.

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described herein above. In addition, unless men-
tion was made above to the contrary, it should be noted that all
of the accompanying drawings are not to scale. A variety of
modifications and variations are possible in light of the above
teachings without departing from the scope and spirit of the
invention, which is limited only by the following claims.

What is claimed is:

1. A surface acoustic wave band reject filter implemented
as a flip chip assembly, the surface acoustic wave band reject
filter, comprising:

a substrate, the substrate including electrode bars and

bonding pads formed on the substrate; and

at least one die having a side facing the substrate;

at least three surface acoustic wave resonators, all of the

surface acoustic wave resonators being formed on the at
least one die, the at least one die mounted on the sub-
strate,

solder balls in contact with the side of the at least one die

facing the substrate, the solder balls positioned to be in
electrical contact with the electrode bars and bonding
pads on the substrate, the at least three surface acoustic
wave resonators being connected by the electrode bars
and bonding pads via the solder balls and collectively
exhibiting a band reject filter response;

all of the surface acoustic wave resonators formed on a

single die of the at least one die being adjacent and
geometrically aligned so that main axes oriented along a
length of each of the surface acoustic wave resonators
are parallel, and the die being mounted to the substrate
using a flip chip technology.

2. The surface acoustic wave band reject filter of claim 1,
wherein three of the surface acoustic wave resonators are
arranged so that two of the three surface acoustic wave reso-
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nators are electrically in series, and the third surface acoustic
wave resonator is electrically in parallel to and between the
other two of the three surface acoustic wave resonators.
3. The surface acoustic wave band reject filter of claim 2,
wherein the three surface acoustic wave resonators are
formed on a single die.
4. The surface acoustic wave band reject filter of claim 3,
wherein at least two of the three adjacent surface acoustic
wave resonators share a common bus bar on the die.
5. The surface acoustic wave band reject filter of claim 1,
wherein a first two of three surface acoustic wave resonators
are positioned end to end and wherein the third surface acous-
tic wave resonator is adjacent to and straddles the first two
surface acoustic wave resonators.
6. The surface acoustic wave band reject filter of claim 5,
wherein an electrode bar on the substrate connects bus bars of
the first two of the three surface acoustic wave resonators.
7. The surface acoustic wave band reject filter of claim 1,
wherein a first three of the at least three surface acoustic wave
resonators are arranged such that a first two of the three
surface acoustic wave resonators are electrically in parallel,
and the third surface acoustic wave resonator is electrically
intervening between the first two surface acoustic wave reso-
nators.
8. The surface acoustic wave band reject filter of claim 1,
wherein a first two of three surface acoustic wave resonators
are mounted end to end, and the third surface acoustic wave
resonator is adjacent to one of the first two surface acoustic
wave resonators.
9. The surface acoustic wave band reject filter of claim 1,
wherein three of the at least three surface acoustic wave
resonators are formed end to end, having a first connecting
bus bar connecting a first surface acoustic wave resonator
with a center surface acoustic wave resonator, and having a
second connecting bus bar connecting a second surface
acoustic wave resonator with the center surface acoustic wave
resonator.
10. The surface acoustic wave band reject filter of claim 1,
wherein three of the at least three surface acoustic wave
resonators are formed end to end, having a first electrode bar
on the substrate connecting a first surface acoustic wave reso-
nator with a center surface acoustic wave resonator, and hav-
ing a second electrode bar on the substrate connecting a
second surface acoustic wave resonator with the center sur-
face acoustic wave resonator.
11. The surface acoustic wave band reject filter of claim 1,
wherein an electrode bar formed on the substrate and electri-
cally connecting two surface acoustic wave resonators is ori-
ented at an acute angle with respect to a main axis of the two
surface acoustic wave resonators so that one of the three
surface acoustic wave resonators is offset from a line of
symmetry between the other two of the three surface acoustic
wave resonators.
12. A method of constructing a surface acoustic wave band
reject filter using flip chip assembly technology, the method
comprising:
forming at least one of bonding pads and electrode bars on
a substrate;

forming first solder balls on atleast one of the substrate and
a first die;

forming a first group of at least three surface acoustic wave
resonators on the first die and collectively exhibiting a
band reject filter response, all of the surface acoustic
resonators formed on the first die being adjacent and
geometrically aligned so that main axes oriented along a
length of each of the surface acoustic wave resonators
are parallel; and
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positioning the first die on the substrate using a flip chip
technology such that first solder balls are in contact with
the at least one of bonding pads and electrode bars, the at
least one of bonding pads and electrode bars electrically
connecting at least one of the surface acoustic wave
resonators of the first group.

13. The method of claim 12, further comprising:

forming second solder balls on at least one of the substrate
and a second die;

forming a second group of at least three surface acoustic
wave resonators on the second die; and

positioning the second die on the substrate using the flip
chip technology such that second solder balls are in
contact with at least one of bonding pads and electrode
bars, at least one of a bonding pad and electrode bar
electrically connecting a surface acoustic wave resona-
tor of'the first group to a surface acoustic wave resonator
of the second group.

14. The method of claim 13, wherein the first group of at
least three surface acoustic wave resonators are in a first
configuration, and the second group of at least three surface
acoustic wave resonators are in a second configuration difter-
ent from the first configuration.

15. The method of claim 13, further comprising:

forming third solder balls on at least one of the substrate
and a third die;

forming a third group of at least three surface acoustic wave
resonators on the third die; and

positioning the third die on the substrate using the flip chip
technology such that third solder balls are in contact
with at least one of bonding pads and electrode bars, at
least one of a bonding pad and electrode bar electrically
connecting a surface acoustic wave resonator of the sec-
ond group to a surface acoustic wave resonator of the
third group.

16. The method of claim 15, wherein the second group of at
least three surface acoustic wave resonators are in a first
configuration, and the third group of at least three surface
acoustic wave resonators are in a second configuration difter-
ent from the first configuration.

17. A surface acoustic wave band reject filter implemented
as a flip chip assembly, the surface acoustic wave band reject
filter comprising:

a substrate having formed thereon at least one electrode bar

and a plurality of bonding pads;

a first die having formed thereon a first group of at least
three surface acoustic wave resonators, at least two of
the at least three surface acoustic wave resonators of the
first group being electrically connected by one of the at
least one electrode bar, the at least three surface acoustic
wave resonators being formed on a side of the first die
facing the substrate and collectively exhibiting a band
reject filter response, all of the surface acoustic wave
resonators formed on the first die being adjacent and
geometrically aligned so that main axes oriented along a
length of each of the surface acoustic wave resonators
formed on the first die are parallel; and

first solder balls positioned to electrically connect posi-
tions on the first die to the at least one electrode bar and
bonding pads of the substrate.

18. The surface acoustic wave band reject filter of claim 17,

further comprising:

a second die having formed thereon a second group of at
least three surface acoustic wave resonators at least two
of which are electrically connected by a second one of
the at least one electrode bar; and
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second solder balls positioned to electrically connect posi-
tions on the second die to the at least one electrode bar
and bonding pads of the substrate, the second solder
balls being positioned such that a distance between the
second solder balls does not exceed about 2 millimeters.

19. The surface acoustic wave band reject filter of claim 17,
wherein the first group of at least three surface acoustic wave
resonators are electrically connected in a series-parallel-se-
ries configuration.

20. The surface acoustic wave band reject filter of claim 17,
wherein the first group of at least three surface acoustic wave
resonators are electrically connected in a parallel-series-par-
allel configuration.
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